ELECTROPHORETIC PATTERNS OF FRESH, IRRADIATED-
PASTEURIZED AND IRRADIATED-STERILIZED BEEF
STORED AT 3LO F.

by
Zeinab Shchata Mohasseb

A TﬂESIS
subm%fted to

OREGON STATE UNIVERSITY

in partial fulfiliment of
the requirements for the
degree of
MASTER OF SCIENCE

June i962~



APPROVED s

= = 4 Lol o — ot

Assistant Professor of Food and Dairy Technology

In Charge of Major

__ A -

[&4
Heed of Department of Food and Dairy Technology

S R

Chatrman of~8choot Gradiate Committee

Pean of Graduate School

Date thesis is presented November 21, 1961

Typed by Beverly Thayer



ACKNOWLEDGMENTS

Sincere appreciation is expressed to Dr. Allen F.

Anglemier for his continuous help and guidance during the
experiment and the preporation of this thesis,

The author wishes to thank Dr. J. Oiville Young for his
suggestions on electrophoresis technique and the preparation
of this thesis. Also, appreciation is extended to Dr. L.M.
Libbey for his helpful advice in the interprétation of the
electrophoretic data.

Grateful eppreciation is due to the International Co~
operation Administration for providing the author the opportunity
and financiel assistance to come to the United States for
advanced study, |

Special thanks are due to Professor Thomas Onsdorff for his
time and effort in photographing end prinfing the graphs.

Thanks gre due to Mr, A.A. El-Badawi, and Mr. W.K. Johnston,

Jr., for their help in preparing the samples.,



TABLE OF CONTENTS

Page

INTRODUCTION o o s o s e s o v oo n o oo nonos |
REVIEW OF LITERATURE o o o o o v o o o o s o s o u s b
Muscle Proteins c b o e o b ks s s s s e s e h

The Sarcoplasmic Proteing . & ¢ ¢ o ¢« o o o &

The Granular Proteins e o s o o s e o s 5

The Stroma Proteins B R T 5

The Myofibrillar Proteins .« o« o ¢ o o o 4 6
Catheptfc Enzymes e et e e s e et e e 7
Proteolysis and Aging of Meat o o e s s s s e 8
Effect of lonizing irradiation on Proteins . . . 3|
Effect of ioniz{ng Irradiation on Amino Actds . . 5
Effect of ionizing Irradiation on Enzymes oo 16
Effect of lonizing Irradiation on Microorganisms . 19
EXPERIMENTAL PROCEDURE o o o o o o o o s o o o o & 22
SOurée of Raw Materfal o o o o o o s c. ... 22
Irradiation A A I I R 22
§torage e o o o 6 8 s s s e 4 s s s 0 e s 23
Sample Preparation & ¢ ¢ o o ¢ 4 o o 0 0 s o o . 2k
Etectrophoretic Analysis « ¢ ¢ ¢ ¢ o o ¢ o o o 25
Tyrosine-Tryptophene INdeX o o o o o o o o o o o 25
RESULTS 27
.Eiectrophoretic Datd ¢« o o o s 0 s 0 0 s s o o 27
Non~lrrad1eied.or Control Samples . . oo 27
Irradiated-Pasteurized Samples “ee e 29



TABLE OF CONTENTS - Continued

Page

Irrediated=Sterilfzed Samples o o o o o & 30
Tyrosine-Tryptophane Index e s o s o o 4 e o e - 31
Glycine Soluble Protefns s e s s e e e e e 3

Glycine Soluble Aniino Aclds .+« o o o & ., 33
DISCUSSION kg
SUMMARY AND CONCLUSIONS . ‘et e s e s e e sn s 55

BIBLIOGRAPHY ® & & 6 9 '8 6 '8 & & & ° G'6 & & & o @ 58



Figure

10

1t

LIST OF FIGURES

Paper Electrophoresis Pattern of Glycine Soluble
Protein of Raw Beef ot O Day Storage at W e, ...

Paper Elegtrophoresis Pattern of Glycine Soluble
Protein of Raw Beef After 3 Days Storage at 34° §.

Paper Elcctrophoresis Pattern of Glycine Soctuble
Protemn of Riw Beef After 10 Days Storage at

34 Fo P 0 B 6 @ ® 0 8 6 b s & w 6 0 & O ¢ =

Paper Electrophoresis Pattern of Glycine Soluble
Protein of Raw Beef After 18 Days Storage at

3“ F' ® o 6.5 5 e e & S 5 .6 s S B e 5 s o »

Paper Electrophoresis Pattern of Glycine Sotuble
Protein of Raw Beef After 49 Days Storage ot

3‘* F. L ] v L A 4 [ ] * e e ‘e o 'e [ L] L) . L) L] Ld . L)

Paper Electrophoresis Pattern of Glycine Soluble
Protetn of Raw Beef After 1 Day S$torage at -
34" F. (Control. for Irradiated-Pasteurized Samples)

Paper Electrophoresis Pattern of Glycine Soluble
Protein of eradlated-Pasteurrzed Beef After 9
Days of Storage at 3“ FQ s 6 ¢ & o 6 & 5 e o o

Paper Electrophoresis Pattérn of Glycine Soluble
Protein of Irradiated-rasteurized Beef After 12
Dﬁys of St?ﬁage at 3“0 F' o o 4 o 8 6 6 0 8 ¢ @

Paper Electrophoresis Pattern of Glycine Soluble
Protetn of jrradiated-Pasteurized Beef After 88
Bays of st@rage at BQO‘FQ e % & % B 6 e 8 s e @

éaper EYectrophoresis Pattern of Glycine Soluble
Protein of Irradiated«Steriiized Beef Immediately
After IrTadiatQOﬂ : 6 8 6 8 4. e 6 o @ e & o o

Paper Electrophoresis Pattern of Glycine Soluble
Protetn of Irradiated*Sterilized Beef After 75
Bays Of Storage at 3“ Fe o » o o o & 8 b @

Page

35

36

37

38

39

Lo

L3

h2

k3

ks



LIST OF FIGURES » Continued

Figure Page

12 Tyrosine~Tryptophene Index of Glycine Soluble
Protein of Beef S$tored at 34° F. e e e e 47

13 TyrosinaeTryptophane Index of Glyeine Soluble
Amino Acids of Beef Stored at 3L°F¢, ., ... 48



LIST OF TABLES

Table Page

1 Tyrosine-Tryptophene Index of Control, Irradiated-
Pasteurized and Irradiated-Sterilized Beef
Samples Stored at 3’40 F- * ¢ & % 4 9 & 6 o 6 @ 46



ELECTROPHORETIC PATTERNS OF FRESH, IRRADIATED-
PASTEURIZED AND IRRADIATED»STERIL!ZED .BEEF-. -
STORED AT 3# Fs :

INTRODUCTION

It is well known that proteins form the bast¢ and underlying
gtrqctures_pf 8}l living organisms and sre considered to be the
most important constituent of muscle tissue even though meat con-
tains 3.5 to 4 times more water than protein. In eddition,
proteins gomprise the major part of the muscula? enzyme systems,
and these systems tn turn exert considereble influence upon the
continuity, properties and function of muscte in the live animat
or ¥n the post mortem gtate.

Shortly after death of an animel, the muscles pass into the
sOn¢e$Ie8 Heigor! state in which the wmuscles become hard, rigid
end inextensiblc due to the shrinking and contraction of the
muscte fibers. During rigor mortits, meat becomes extremely
tough and is praéticatiy.inédibfe¢ About 12 hours after the
onget of rigor, the muscles begin to refax end undergo dis~
sotution of rigor wherein the meat graduslly increases #n
tenderness. Normally, beef ¥5 aged § to 10 days to sccomodate
increases in tenderness which are more or less proportional to
the length of aging time. |

Although the aging of meat results in the improvement of

tenderness, the chemical events responsible and accompanying this



chenge have not been thoroughly elucidated. Relaxation of the
muscle or the resolution of rigor mortis through the activity of
microorganisms, bacterial proteolytic and catheptic enzymes
appear to be the main factors fnvolved in this phenomenon.

The precise functian-of catheptic enzymes in the tenderi-
zation of meat during the aging perfod is not well defined since
large populations of proteolytic microorganisms are algo generally
found ¥n meat being aged. In most of the work thus far reported
{n the Viterature, proteolysis has been studied by measuring the
acCUmgiatioh of amino acids. However, proteins can undergo ¢on-
siderable degradation before ﬁéﬁy-amino=aeids are liberated and
detected. The technique of electrophoresis, extensively reviewed
by Block 25 51 (IQ, ps 333-409), provides a method of studying
theﬂproteqiyfiﬁ,chahgés occurring in.meat proteins during the
entire aging or tenderization process. Since it is necessary to
study the fnitial proteoiytic changes occurring in the proteins
to determine whether proteolysis is of much importance in the
tenderizatfon of meat, the effects of contaminating microorganisms
must be minimized or eliminated. The popuiatian of microorganisms
can be greétly reduced or cOmpieieiy eredicated by subjecting the
meat to ioniéfng trradtattons. Furthermore, {rradiatfon provides
4 means of pésteurizing and sterilizing meat while supposedly

leaving the catheptic enzymes fafrly well intact (17, p. 613



20, p. 23).

The study presented in this thesis pertains to the effects
of the inherent muscle énzymes upon the degradation of beef
muscle proteins during the tenderization or aging period. More
spegifieally, changes {n the e!ectrcphéretic patterns of raw,
irradiated-pasteurized and irradiatedesteriliized beef samples
were systematically determined over a prolonged storage period

to gchieve the ghove objective.



LITERATURE REVIEW

After the resolution of rigor mortis, muscle tissues unaergo
a process of '"autolysis'' or ''proteolysis.!" Both of these terms
are used synonymously in reference to the extensive breakdown or
degragation of muscle proteins to peptides and amino acids by
the action of tissue proteinases. These proteolytic enzymes are
specifically known as cathepsins in orager to distinguish them

from the proteolytic enzymes of the digestive tract (o6, p. 35).

Muscle Proteins

The muscle proteins are generally groupea into four different
fractions on the basis of their extractability, locality in the
muscle cell, and physiological properties. These groups are listed
as follows: the sarcoplasmic proteins, granular proteins, stroma

proteins, ana myofibrillar proteins (o4, p. 1=3).

l. The Sarcoplasmic Proteins

The sarcoplasmic proteins are often called the !'soluble
proteins'' because they are readily extracted from the muscle with
water or with neutral salt solutions of low jonic strength
( 72 £0.2), These proteins are found in the space between the

myofilrils, Myofibrils, various phosphokinases, and all of the



enzymes of the glycolytic system are the major constituents of
this group. The sarcoplasmic proteins do not appear to be
involved §n the filamontous organization of muscle or in the
structural reorganization that results in contraction. The
function of these proteins appears to be mainly concerned with

the metabolic activitics of the muscle cells.

2. The Granular Proteins

The proteins of the granules and the sarcoplasmic proteins
are both extractable from muscle homogenates by solvents of low
ionic strength. The granular proteins can then be separated
from the soluble proteins by differential centrifugation,

Nucled, mi:tochondria and the microsomes are the major components
of this fraction. These components are mainty {nvolved in the
oxidative activities of the muscles. The granular proteins are
localized between the myofibrils and somewhat in the specialized

Z membranes., Although these proteins do not appear necessary for
musGle contraction, some of thetr components or products may in-
directly effect the behavior of the myofibriller proteins which are

directly responsible for muscle contraction.

3. The Stroma Proteins

These proteins are found in the resfdue after the extended

extraction of muscle tissue homogenates with strong salt solutions.



The stroma proteins are of a coliagenous nature and probably are
involved in the make-up of various muscular membranes. Research
on the stroma proteins has been neglected beé&@?@rof their poor
solubility propertics. Thus, the knbwledge of these protetns is

quite timited.

b Ihe uyofibriller Protetns

These proteins are directly involved fn imuscle contraction
and provide for the filamentous orgenizetion of muscle. The myo-
fibrillar proteins are commonly known as the "structural proteins“
or insofuble proteins' of musclie and are extracted with neutral
salt solutions of high jonic strength ( T/2 >0.5). Their
fibrous nature is shown by the high viscosity of the extract
when these proteins are taken into solution. Myosin, actin and
tropomyosin are the mejor components of this group. The myo=
fibrils which make up the contractile structure of muscle <ontain

& large percentage of the myofibrillar proteins.,

The above ¢lassification of muscle proteins was devised by
Szent-Gyorgyi (64, p. 1-3), one of the foremost suthorities on
muscle. However, fn much of the work reported in the literature
on the proteolysis and aging of meat, the muscle proteins have
been considered on the basis of the following three groupss

myogen proteins, muscle plasma proteins, and stroms proteins



(68, p. 307). Under this classification, the myogen proteins
includes both water scluble groups (sarcoplasmic and grenular
proteins) of Szent-Gyorgyi (6L, p. 1-3), while the muscle plasma
proteing are fdentical to the myofibriller proteins. The stroma

proteins are synonymous fn both classifications.

_cathegtig ﬁnzzmes

The intracellular proteinases that promote autolysis are
now classified as cathepsins, but originally the term Ycathepsin®
was used to denote what was thought to be a single proteinase: of
animal tissues. Although beef muscle contains several catheptic
enzymes, the exact number involved {n proteolysis is not known
(66, p. 35). However, three separate proteinases of muscle have
been characterized thus far. These have been designated as cathe«
psin A, cathepsin B, and cathepsin € (23, p. 700).

Research resuits on the catheptic enzymes are quite limited
due to the extreme difficulties encountered in the extraction,
isolation, purification and characterization of these enzymes.
None of the cethepsins has been prepared in the crystaliine férm.
Studies on the properties of these enzymes have been carried out by
the use of Simple synthetic substrates of known structure to gain
the present available knowledge {23, p. 700).

Balls (3, p. 85) observed a cathepsin that was still active



in frozen beef muscle which had a pH optimum around 4.1. Martin
(34, p. 260), Nardone (43, p. 750), Noke and Neurath (59, 127=
135), and Zender et al. (68, p. 309-313) have reported on some
of the catheptic activity in a variety of tissues from several
species of animals. Fruton et al. (22, p, 763) found that beef
spleen contains at least 4 cathepsins as determined on the basis
of specificity for synthetic substrates,

Fruton and Simmonds (23, p. 702) state that the present
listing of the intracellular proteolytic enzymes of muscle is not
a complete one since the specificity for many have not been ade-
quately characterized, Furthermore, Whitaker (66, p. 36) has
emphasized the obscurity of the role of the proteolytic enzymes

in the autolysis of meat.

Proteolysis and Aging of Meat

Much of the work pertaining to proteolysis in meat has been
obtained by following the changes in the various nitrogen fractions
during the aging period. As has been previously state, consider=
able proteolysis may occur before it can be detected by noting the
changes in the nitrogen components. Furthermore, many of the
reported changes have been observed in meat held appreciably
longer than the normal aging period.

In some of the earliest work on the storage of beef,

Hoagland et al. (27, p. 15-65) reported that the noncoagulable



nitrogen rises progressively as time proceeds. This increase

was also observed by McCarthy and King (36, p. 295-299)

at a later date. According to Bate-Smith's (6, p. 29-30) inter-

pretation of the data of Hoagland et al. the noncoagulable nitrogen

represented about 12 per cent of the total nitrogen. Therefore,

an increase of 8 per cent in this content, as occurred between

the first and 30th day of storage, would indicate that only 1

per cent of the protein present was hydrolyzed to soluble end

products. On this basis, after 180 days of storage only 6 per

cent of the protein»would be degraded to the soluble level. Bate=-

Smith (6, p. 30) concludes that the tenderness changes have to

be explained in terms of much less drastic proteolysis than is

shown by the complete breakdown to noncoagulable end products.
Aging of meats consists of the transformation of albuminoids

of the muscle into coagulated substances, according to Smorod-

intsey and Nikolaeva (58, p. 5947). Sadikov and Shodhin (54,

p.6466) conducted preliminary studies on the proteolytic enzymes

of meat and reported that a slight alteration of globulins occurred

after 2 days aging at 17° C. while marked changes were observed

after 27 days storage. They also noted extensive peptone formation

in the meat stored at 17° C. for four months. This breakdown

proceeded to amino acids in a few days when storage temperature was

maintained between 55-60° C.

Husaini et al. (29, p. 366-369) and Wierbicki et al.
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(67, p. 506-511) have reported that there was no chahge in the
non-protein nitrogen contehf of beef aged up to two weeks.
Hodgkiss and Jones (28, p. 4-5) and Shewan end Jones (57, p. L9t~
498) have stated that with the exception of alanine and lysine
which decreased slightly and glutamic acid which increased 300
per cent, the amino acids resulting from protein breakdown
remained constant in fish stored at 0° ¢.

A number of other workers, however, have found changes 1n
the non=protein nitrogen during the aging or storage of beef. In
studies on the aging of beef, Ginger et al. (24, p. 410-416)
noted that the amino nitrogen content of the non-protein nitrogen
fraction increased with storage time. They alse found increased
amounts of arginine, leucine and tyrosine in the exudate and non-
protein nitrogen fractions of beef aged at 36° F. for 2 weeks.
They attributed these results as being indicative of proteolytic
énzyme-activity occurring during the aging of beef.

O1son and Whitehead (L6, p. 180-183) observed a 4! per cent
increase in total solubte'nitrogen and a 14 per cent increase in
non-protein nitrogen in beef muscle after 29 days of aging at 34° .
Colombo and Gewasini (13, p. 14137) and Niewiarowicz (45, p. 9470)
have reported a progressive fncrease in the free amino acid
content of beef on aging for 6 to 18 days at 0° to 4° ¢. They

found the greatest change in the content of alanine, cystihe.



jeucine and glutamic acid. Antoniami and Monzini (2, p. 4006)
and Monzini~(38, p. LI43) have pubtished results of their studies
on proteolysis which show that the amino acid nitrogen content of
beef in;reased.by 5 to 6 per cent of the total nitrogen when
stored at temperatures of =25 to «40° C. for 10 months. However,
Monzint and Lissont (39, p. L4&20) tater reported that the amino
acid content decreased on storage at 25 to -40° C. for 48 months,
A decrease in the glycine soluble proteins and a corresponding
increase in amino acfd content of rabbit and lamb muscie stored
under aseétie conditions at 25° ¢. for one month has been ob»
served by Zender gﬁ_gl,'(68, p. 309-313).
Proteolysis has been reported in beef and chicken stored in
the frozen condition, according to the reports of Hiner et al.
(26, p. 223-229), and Swanson and Stesn (63, p. 643-649),
These workers found overwall increases ithoneprotein hitrogen,

water soluble nitrogen and amino nitrogen with storage time.

Effect of lonizing Irradistion on Proteins

Proteins may be altered in various ways by fonizing irradi-
ations. Aggregation, fragmentation and denaturation are the major
structural modifications observed in irradiated proteins (41,

p. 42k)., Proteins are condensation polymers composed of many amino
acids 1inked together by peptide bonds. Hence, the nature of

irradiation effects upon proteins is depehdent upon. the polymer
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chaih length, amino actd composition, and the chronological

sequence of the amino acids. During irradiation, a protein

molecule mapy act 23 2 single molecular component, as occurs

upon denaturation, or as & composite of several smino acids,
with cach acid exhibiting ¢ specific irrediation sensitivity
(19, p. 156-158),

Hannan (25, p. 192) has described the physical changes in
frradiated proteins as that of some form of denaturatfion with
the character of chenges varying with the nature of the free
polymer and the irradiation conditions. However, he concluded
that it is most tikely that the primary valency bonds are
broken and reactive free radical fragments are formed,

McArdle and Desrosier (35, p. 527-532) observed significent
changes in the protein structures of casein and egg albumen
after irradiation. Although the pattern of changes differed in
these two proteins, the butld up in free sulfhiydryl groups
definitely fndicated that the sulfur linkages and hydrogen
bonds were attacked and coused molecular rearrangement. Since
they did not observe &n tncrease in amino nitrogen with these
mofecular changes, they assumed that there was very little
attack upon the peptide 1inkages.

MecArdte and Desrosfer (35, p. 527-532) also compared the
electrophoretic patterns of non-irradiated solutfons of casein

with those irradiated at a dosage tevel of 1.5 x 106 rep. They
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reported that the irradiated casein produced an entirely new
electrophoretic component differing distinctly in pattern and
mobility from the alpha and beta components of the non-irradi-
ated casein. They described the changes in the irradiated
casein as those of molecular splitting followed by polymeri-
zation of the fractions to cause an increase in viscosity. This
pattern of modification resembles the description of the heat
denaturation of casein as reported by Neurath and Bailey (44,

p. 280) in which the molecules split, polymerize, and finally
coagulate.

Molecules of egg albumen do not appear to be split by
irradiation (35, p. 527-532). Instead, it appears that the
globular molecules change slowly thereby resulting in the form-
ation of an asymmetrical molecule which results in increased
viscosity, The molecular rearrangement progressed linearly with
radiation dosage, Thus, it seemed that polymerization had not
occurred. Hence, the development of an asymmetricalimolecule
from the globular state by transformation appears to be responsible
for this molecular change.

McArdle and Desrosier (35, p. 527-532) reported that the
electrophoretic pattern of irradiated egg albumen produced a
single component that was definitely different in pattern and

mobility from any of the components observed in the non-

irradiated afbumen.
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The heat denaturation of egg albumen compares closely with
that caused by irradiation. Neurath and Bailey (44, p. 830)
state that the heat denaturation of egg albumen causes the '
globular molecules to change and give asymmetrical forms which
then polymerize and coagulate.

Doty et al. (18, p. 424) founa an increase in the non-
protein nitrogen compounds in grouna lean beef after irradiation
which was accompaniea by an appreciable aecrease in the soluble
protein., In addition, they noted an increase in the formation
of methyl mercaptans ana hydrogen sulfide. Zender et al. (09,
p. 390) have also reportea a decrease in the glycine soluble
proteiﬁ content of beef muscle after irradiation.

Although the electrophoretic pattern of lyophylized blood
plasma irradiated at a level of 1 x 10° rep was no different
from that of the control plasma, the pattern for plasma radiatea
at 2 x 10° rep was founa to be consiaerably aifferent from that
which was non-irradiated or received a low dosage (8, p. 2606).
Batzer and Doty (7, p. 64) recorded an increase in carbonyl
compounds and pH which co}respondeq to increases in irradiation
dosage. Other investigators (17, p. ©1=63; 41, p. 425) have
also found that the amount of protein breakdown is related to the

level of irradiation dosage.
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Effect of Ionizing Irradiation on Amino Acids

The irradiation of amino acids was first studied by Stenstrom
and Lohmann (ol, p. 6733 62, p. 755). They investigated the
effects of X-ray irradiation upon tHe stability of aqueous
solutions of tyrosine, tryptophane ana cysteine. Stenstrom and
lohmann found that the above amino acids were agecomposed by
irradiation ana that the ailute solutions appeared to be more
affected by a given dose than were the more concentrated solutions.

Morgan (41, p. 420) has statea that the amino acids con-
taining sulfur (methionine, cystine and cysteine) and the ring-
containing amino acids (histidine, hydroxypro]iné, phenylalanine,
proline ana tryptophane) are extremely sensitive to irradiation.

The characteristic“effect of ionizing irradiation on the
amino acids is one of deamination (30, ps 7-10; 51, p. 535=538).
Principal deamination products of amino acids are ammonia and the
correspondifng aldehyde., The mechanism of ammonia liberation is
not clear but it appears to involve direct deamination resulting
from attack by He ang sO0H radicals. A radical formed by removal
of the NHy group in the deamination process allows for subsequent
recations of the radical to form a variety of oxidative products
(19, p. 156-158). According to Dale and Davies (15, p. 129-134),
the liberation of hydrogen sulfide or the oxidation of the $=H

groups to aisulfide ana finally sulfinic - S05H ana sulfonic =~
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SO034 acid groupings occurred during the irradiation of the
sulfur-contafning amino acids.,

Proctor and Bhatia (51, p. 535+540) found that the hydro-
xyletion of the ring in agueous solutions of cylic amino acids
occurred in some of their experiments. The hydroxylation of
phenylalanine to tyrosine and a second hydroxylation forming
3,4rdihydroxy phenylalanine provided evidence for their conclusion,

Irradiatidn fevels of 2 x 106 rep produced no significant
destruction of the amino acids in wilk, turkey and beef according

“to sheffner et al. (56, p. 455-461). Metta and Johnson (37,
p. 479-490) reported no chanhge in the biologic¢al value of beef
following frradiation at 3 x lGévrep. Proctor and Bhatia (50,
p. 357+361) have stated that irradiation ¢aused no significant

destruction of any of the ten amino acids in fish.

Effect of Ionizing Irradiation on Enzymes

The influence of fonfzing irradiations upon the enzyme

- systeﬁsrhas been the subject of numerous fnvestigations. The
observation that proteolysis occurred during the storage of
bacteriologically sterile meats has been reported by several
workers (20, p. 233 31, p. 346-352; 32, p. 193-195; 49, p. 496~
499). Doty and Wachter (17, p. 61+63) have mentioned that there

was very tittle destruction of proteinase in beef irradieted at
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6.5 x 166 rep, but at a higher desage level, 1.6 x 108 repy

there was about a 50% loss in the appanent‘aétfvity fn some
samples. The formation of tyrosine crystals during storage of
irradioted-sterilized row meat led Prott and Eckiund (B9, p. 4,96
£99) to conclude that proteolysis of a generalinature had occurred.
Drake and Giffee (20, p. 23) noted extensive tyrosine formation

in radiatg@ pork stored at 100° F. for 3 months. They also
reported an éncreage in the_free anino seid content in the press
Fluld of drradiated pork stored at 72° F.

Dale (14, p. 1367), Dunn et al. (21, p. 605) and Tytell and
Kersten (65, Do 521-525) have indicated that o large amount of
irradﬁation, possibly ten times as great as that necessary for
hecteriological sterilization was required to destroy or ingcti-
vate the ecnzymes in various foeds., Progtor and Goldlith (53,
P'u376‘379) observed sone peroxidase activity in milk irradiated
at 10,000,000 rep. 0'Meara (47, p. 19-23) has stated that the
radiation resistance of specific enzymes in warious foods s not
always the same since the amount of moisture presént exerts con-
siderabie {nfluence.

Dale {14, p. 1367) postulated that the enzyme molecules were
not directly affected by fonizing radiation. Instead, the protein
mojety of the enzyme or the prosthetic groups received the blunt

of the frradiatidn. When acting upon the protein moiety,
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irradiation may destroy certain selective groups in the side
chain which are essential for enzyme activity or it may rupture
the hydrogen bonds and thus cause precipitation.

Pollard (48, p. 99-100) ana Setlow (55, p. 471=483) have
described the rate of enzymé destruction as that of an exponential
decrease in activity with increasing irradiation dosage.

Enzymes irradiated in the dry state were found to be in-
activated by excitation (48, p. 99=109) while those in solution
were inactivated indirectly by OH and OH, raaicals in the solvent
(4, p. 109-121). The Hy0, appearea to be of minute influence
(5, p. 188-201).

In their étuqy of the irradiation effects on the activity of
trypsin, Bier and Nord (9, p. 204-215) noted that this enzyme
was very resistant to irradiation in 21219. Furthermore, they
reported that irradiation sufficient to sterilize many food sub-
stances failed to inactivate dilute aqueous trypsin solutions.

From the preceding discussion it is evident that enzymes are
considerable more resistant to irradiation than are the micro-
organisms, Conversely, microorganisms are less susceptible to
heat treatment than are the enzymes., Drake and Giffee (20, p. 23)
found that the enzymes responsibie for'proteolysis in meat are
inactivated by heating to 160° F, and holding for 10 minutes.
However, the extensive studies on temperature inhibition of

Shzymes recently reported by Chiambalero et al. (12, p. 782-784)
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indicate that the proteolytic enzymes of irradiated beef are ine
activeted in 14 minutes when the internal temperature of the meat

reaches 160° ¥,

Effects of lonizing Irradiation on Hicroorganisms

According to Morgan (41, p. L23-427), irradiation doses of
500,000 rads end 4.8 x 108 rads have been established as the
dosage levels required for pasteurization and sterilization,
respectively. Morgan describes irrediotion-pasteurization as
fow tevel {rradiation which destroys cbout 98 per cent of the
microorgaﬁisms. High level irradiation or sterilization is con=~
sidered as that desage which destroys all spores~forming focd
spotlage orgunisms as well as all food poisoning organisms (42,
pe 357-366),

Different migroorganisms exhibit widely varying degrees of
irkadiation sensitivity. B?own@il_gg ale (11, p. 55+57) irradi=
ated a wide variety of bacterig, mold, yeasts, and viruses at
various dosage Yevels and found that the spore forming bacteria
were the most radiation resistant. Hannan (25, p. 49) reported
that the morc rapidly developing cells and Qegetative bacteria
were more irradfation §en5itive than bactertal spores.

Humerous investigators (11, p. 554673 16, p. 44+503 40, p. 24~

28; L2, p. 357-366) have reported that Clostridiun hotulinum {s
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one of the most radiation resistant organisms known. In his
review on radiation preservation of foods, Morgan (40, p. 24)
has stated that @ dosage level of 4.8 megarads is necessary to
destroy the spores of C1. botulinum, Furthermore, Denny et al.
(16, p. 46-50) found that this organism wss more resistant to
irradiation in naturé! foods than in neutral phosphate when
radiated attemperatures below 32° F, _

Anderson et al, (1, p. 575-578) have reported on the {so-
lation of a radio-resistant micrococeus from ground beef and
pork that had been frradiated at 3.0 x |06 rep. They also noted
that this organism was resistant to radiation doséges as high as
6.0 x 108 rep.

Lea (33, p. 71) theorizes that direct hits at or near the
sensitive parts of the organisms causedithe destruction of bacteria.
However, Proctor and Goldlith (53, p. 376-380) observed that the
fndirect effects of rediation upon the medium aided in the

’destrUction‘of Staphylococecus aureus. The latter workers also

stated that St. aureus withstood irradiation better in complex
media than in simple ones.

Bellamy et al. (8, p. 266-269) reported that a radiation
level of 75 x 103 rep was sufficient to kill all of the pseudo-
monads responsibte for spoilage in fresh meat if the level of con=

tamination was moderate. There are several reports found in the



titerature giving 3 wide range of dosage tevels necessary for
the sterilization of meat. These levels range from 1.5 x 106
0 5.0 x 106 rads, Howevery; in view of the resistance and toxie
city of €1, botulinum, a minimum dosage fevel of 4.8 x 108 reds,

should be employed for the sterilizotion of meat.

2}
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EXPERIMENTAL PROCEDURE

Source of Raw Material

~ An intect fein or rib eye muscle (longissimus dorsi) was
taken from a cow carcass of utility grade at a local meat pecking
plant three hours after slaughter. After the muscle was rigidly
trimmed of all external fat and membrane, samples of lean tissue
weighing approximately 50 grams were placed in saran-mylar-
polyethelene pouches and permanentty.ﬁiosed by heat sealing.

Also at this time, & control sample was removed and immediately
prepared fo}-eleaﬁrophoretic-and spectrophotometric analysis.

The sealed pouches of beef were then sealed in metal cens to
protect them from being torn durfng subsequent handlfng in frradi-
ation and thgreby exposing the gcontents to contaminating atmos=-

pheric conditions.
Irradiation
e ——AST— S

The packaged beef sampies were exposed to gamma frradiation
fn the Cogq irradiator facility located in the Pilot Plant of the
Food Technotogy Building, Oregon $tate University. Samples trradi=
ated at the pastéurization level received a total dosage of 1.0
megarad while those subjected to sterilization treatment received

an irradiation dosage of 4.8 megarads. Throughout the {rradiation
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process, all samples were held in the high flux chamber with the
average dose rate being 274,350 tissue rads per hour. On this
besis, 17.5 hours were required for samples receiving the steri~
Hization dosage of 4.8 megarads while 3.67 hours were needed for
samples subjected to pasteurization at the | megarad level. Quring
the irradiationspasteurization period, the samples were repos{tioned
in the chamber at time tatervals of 70 minutes in order to tasure
that 21l samples were subjetted to uniform radiation. Sampies
subjected to frradfation-sterilization were repositioned after 6
and 12 hours of radiation.

Buring the entire irradiation operation, temperature of the
high flux chamber was maintained within a range of 42-46° f, by
the continuous circulation of jce water through the outer chamber

shelt.

Storage

Each individual pouch or sample, regardless of treatment, was
sealed §n a #2% “C" cnemel cen and stored at 34° F. During the
storage peribd, non-irradiated or controi sampiesrweré shalyzed
at | day intervals for 19 days, then at 3 day intervals up to and
fncluding 52 days. The pasteurized beef was analyzed at 3 day

intervals during the first 18 days of storage and every 5th day
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thereafter up to and including 88 days. Sterilized samples
were analyzed after 15, 35, 55 and 75 days of storage. In
addition, samples were analyzed immediately after comptetion of the

sterilization and pasteurization treatments.

Sample Preparation

The procedure of Zender et al. (68, p. 308) was used for
the glycine extraction of the musgte proteins., Beef muscle wos
homegenized with three times its wefght of 0,2 M glycinc MNaOH
buffer, pH 8.6, in o Waring blender at 32° f. The glycine buffer
solubilized both the water-soluble myogen proteins ard part of
the myofibrillar proteins equivelent to k(Y of the total fresh
muscle proteins (69, p. 385). This extracting buffer has a low
specific etectrical conductivity which permits fts direct use
in electrophoresis measuremengs. After homogenizatfon, the
resulting suspensions were centrifuged at 32,500 times gravity
for 30 minutes at 32° F, in g Servall refrigerated centrifuge.
The supernatant wes then filtered through Whatman #1 filter paper.
The filtrate contains all agqua=soluble components 6? musele and &
good part of fibrillar proteins (68, p. 308).

Approximately 50 milliliters of the filtrate were dialyzed
at 34% F. for 48 hours against 4 liters of veronal buffer having

a pH of 8,6 and an tonic strength of 0.05., The dialysis bag was
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then placed before a fan at 34° F, and the solution was allowed
to evaporate until approximately 10 milliliters remained.. Hence,
the solution was thus concentrated to contain sufficient protein

(1 to 2 grams per cent) for clectrophoretic snalysis.

Elect:opboretic Analysis

The electrophoretic runs were conducted with a Spinco Modet
R paper electrophoresis unit according to the procedure out!ined
in the Spinco Manual (61, p. 18-20). A veronal buffer having &
pH of 8.6 and an fonic strength of 0,05 was used for all samples.
The extracts were applied at the middle of the Whatman #3 paper
strips at a rate of 0,01 to 0.03 milliliter per strip, depending
on the protein levels of the concentrated extracts. All electro-
phloretic runs were made at a constant current of 10 milliamperes
(ma,)for 17 hours at 4° ¢, After completion of a run, the strips
were dried §n an oven for 30 minutes at 110-120° ¢, The strips
were then dyed with bromphenol blue and scanned with g Spinco

Analytrol to determine the electrophoretic pattern of each sample.
Tyrosine=Tryptophene Index

Aliquots of the original extracts, after centrifugation and
filtration, were diluted and the optical density measured at

279 m  in a Beckman DU spectrophotometer both before and after
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precipitation of proteins with 10 per cent trichloracetic acid
(fCA)s The optical density of the extract prior to TCA precipie
tatfon measures the level of glycine sotuble proteins (GSP).

Afte} the extract is precipitated with YCA, the optical density

is indicative of the concentration of the glycine soluble amino
acids (GSAA). Zender et al. (68, p. 308) have found that a wave
Tength of 279 m i3 characteristic for tyrosine-tryptophane
efther free or bound to proteins. They compared varfations in the
279 m  index with fluctuations in either protein or noneprotein
nitrogen concentrations and found that the variations corresponded
well one to the other, Although this fndex is only a relative
measure of protide concentratfon it is quite useful for estfmating

the Tevel of proteolysis during storage.
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RESULTS .

Eigctrophoretic Data

The paper electrophoresis technique produces results that
are primarily qualitative. Because of electrostatic, osmotic and
diffusion cffects, buffer f1ow and other factors, it §s difficult
to obtain quantitative results comparable to those obtained by
the use of the moving boundary clectrophoretic technique.

Although many ciectrophoretic patterns were obtained duriag
the course of this study, only the represcntative diagrams showe
tng the stgnificent changes which occurred in the controt and
jrradiated meats during the storage period sre presented.. The
arcas and mobilities as discussed for the subsequent diagrahs,
although relative, are compafabte from one treatment to another.
The original electrophoretic strips are shown at the top of each
of the corresponding figures. These strips were in¢luded to
provide visual evidence of the separation of the various protide

fractions.

| 3 vNprIrfadiated or Control Samples

The electrophoretic pattern of the control sample is given

\

in Figure 1. The protein was extrected for this sample approxi-

mately & hours post mortem. Four distinet peaks, designated as
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A, B, C and D, arc shown which indicates four different protein
fractions, each having a different.kate of mobility.

figure 2 shows the diagram for the non-irradiated beef after
3 days of storage at 34° f. During this brief aging period, cone
siderable proteolysis hed bccdrred. A new protide fraction, 0y,
has appeared as well as some relative changes in the origiﬁal'
fractions. There appears to be inercases in the A, B and D
fractions while a siight decrcase seems apparent in fra@tién Ce

After 10 days storage, the gontrol beef underwent further
modification as shown in Figure 3. The appearance of another new
fraction, By, can be readily observed. Other noticeable changes
fndicate that fractions A and 8 may have increased slightly,

The diagram presented in Figure L is that of the control
meat stored for 18 days. It appears that the meat undaerwent
considevable proteolysis between the 10th end 18th days of storage.
Fraction A appears to have declined slightly while the By and Dy
fractions hiave shown considerable increases. Fragtion D has shoun
an appreciable reduction while the B and ¢ components have ree
mained fair}y constant.

In Figure 5, the electrophoretic pattern for the nonetreated
meat after 4G days of aging is iVlustrated. This dfagrem shows
that fractions A and By have decliied somewhat radically from
their heights shown in the previous pattern, Figure &. The curve

for component A appears %o resembie that 6f*ﬁkac$ion.A obtained in
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the initiel pattern, Figure Y. Component D, appears to have
increased slightly between the 18th and L9th days of storage

while the other fractions remained stable. .

2. Irradiated-?asteur$zed Samples

The control electrophoretic pattern for the irradiated-
pasteurized samples is presented in Figure 6. This sample was
ton-irradiated meat aged 24 hours at 34° F. Due to the small
capacity of the irradiation chamber, a 2kxhoué delay occurred
before samples to be pasteurized could be irradiated at a
dosage level of 1,0 megarad. For this recason a separate control
sample aged for 24 hours was nécessarye The four fractions shown
in this diagram are identical to those gi#en in Figure 1, the
initial sample.

Figure 7 contains the diagram for the pasteurized meat
stored for 9 days at 34° F. A new component, By, appears in this
pattern. In the nonsirradiated samples, fraction B} did not appear
until after 10 days of storage, whereas the first new fraction
appearing {n the control beef was B; which appeared after 3 days
of storage. Figure 7 also shows thét-fraceion B increased during
the first 9 days of storage while the other components showed
practically no change.

In Figure 8, another new component, Dy, appears in the
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pasteurized beef after 12 days of storage. This pattern also
shows that there was a tendency for some fncrease in the relative
concentrations of fractions B, € and D.

The pattern for the pasteurizéd beef after being stored for
88 days s given in Figure 9. During the §nterval between the
12th and 88th days of storage, the new fractions, By and Dy,
increased to the extent that they over-shadowed thé original
fractions of 8 and D. Figure 9 also shows that fraction A may
have decréased sligﬁﬁty while component € did not change. It is
of interest to note that the pattern-ih,Figure;k,'controt beef -
after 18 days of storage, and the diagram 4n Figure 9, pasteurized
beef stored 88 days, tend to show similarities in the mobilitics

and concentrations of the six protide components.

3. lrradiated-Sterilized Samples

The electrophoretic pattern of the sterilized beef obtatned
fmmediately after frradiation at a dosage level of 4.8 megerads
is shown in Figure 10. The sterilized beef apparently ha& not
been modified to any noticeable extent by the trradfation treate
ment, This supposftion {s based on the similarity between the
etectrophoretic pattern shown in Figure 1, the ¥nitisl control, and
that of Figure 10, the sterilized sample.

figure 11 contains the pattern of sterilized beef after 75
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days of storage et 34° F. During this 76 days storage period,

it appears thet sﬁme'modi?ication may have ocgurred as fndicated

by changes in the relative arca of each component. However, no
new fractions or compopents werc noted. Therc is also an indie
cation that there may have been some denaturation océurring because
of the poor migration of the glycine extract from the point of
applicastion on the paper strip. The extremely dark zone on the
center of the psper strip, as shown at the tep of Figure 11,

provides the basis for this statement,

'Tyrpsine»Trypggphane Index

Although the tyrosinestryptophane index must be considered
as @ relative measure of the protide concentration, it does
provide evidence which helps to support the electrophoretic
data on the pattern of proteolytic changes occurring during the

storage of meat.

I, Glyeine Seiub}gﬁ?qbteiﬁs

Results of ths glycine sotuble protctn (GSP) concentrations
of the samples of the control and irradiated trestments plotted
agafnst storage time are given in Figure 12 and also are tabuleted
in Table 1,

The tyrestne«tryptophane (TT) index for the glycine soluble

proteins of the noneirradfated beef was 10.02 at the initial
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sempling, The control beef shows an alimost straight 1ine decrease
in the tyrosineetryptophane index from the first day of storage
(1T = 10.13) to the 1ith day (V7 = 8.42). After the 11th day of
storage, the decrease was gradual for the remainder of the
storage period. A final value of 8,00 was noted at the end of 52
days storage at 34° £,

A Qa%ue of 10.¥2 was Found for the init{al tyresine-trypto
phane index of the glyeine soluble proteins of the irradiateds
pasteurized beef. The velues of the index were fairly constant,
ranging from 10.12 to 10,00, during the first 10 days of storage
after which a steady decrease ogeurred during the subsequent
storage perjod. A final value of‘8.%2‘was hoted at the end of 8¢
days of storage.

The glycine soluble proteins were affected or modified by tﬁe
frradiationssterilization progess. Prior to irradiation, the
tyr0$ine~ﬁyyptﬂphane index of the glycine soluble proteins of beef
was 10,62 as contrasted to a value of 9.62 that was found {mmedis
ately after the bee? had been sterilized by an frradiation dosage
of 4,8 megarads. During the first 15 days of storage, the
tyrosinestryptophane index deercased from 9.62 to 94254 The index
dectined from 9,25 to 8.80 during the storage interval between 15

and 75 days of storage.
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2, Glycine Soluble Amino Acids

Data of the glycine soluble amino acids (GSAA) as measured
by the tyrosine-tryptophane index of control and ifradiated beef
are presented in Table 1 and are graphically shown in Figure 13.

A linear increase in the glycine soluble amino acids occurred
in the control beef between the 5th and 18th days of storage. An
index value of 4,49 was noted at the 5th day as compared to that
of 6.30 obtained at the 18th day. After the 18th day of storage,
a gradual but slightly irregular increase in the glycine soluble
amino acid content was observed. A value of 6.63 was noted at
the end of 52 days of storage.

Data of the tyrosine-tryptophane index for the pasteurized
samples indicate that some changes occurred during the irradiation
of the beef at dosage of 1.0 megarad. The index prior to pasteur-
ization after irradiation. From the 5th to the 33rd day of storage,
the tyrosine~tryptophane index was maintained in a narrow range
between 4,18 and 4.29. After the 33rd day, there was a rapid
increase in the index of the pasteurized samples, The value of
4429 obtained at the 33rd day increased to 5,30 by the 52nd day.,
The index had a value of 6.25 at the end of 88 days of sgorage at

o
34 F. The index value of 6.25 obtained by the pasteurized beef
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after 88 days of storage wss reached by the non-irradiated
beef at the end of 18 days of storage.

The glycine soluble amfno #scids appear to have undergone a
drastic change during frradiationesterilization at a level of
;.8 megarads.. The beef prior to irradiation had & tyrosine-
tryptophane index of 4.31 as compared to a value of 3.14 observed
immediatety after irradiation. Although the index increased at
& moderate rate during the storage period, the final vatue of
L.28 obtained after 75 days of storage is about equal to that of

b4.31 noted in the fresh beef before irradiation.
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Figure 1, Paper electrophoresis pattern of glycine soluble protein of

raw beef at 0 days storage at 34° f,

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours



Paper electrophoresis pattern of glycine soluble protein of

raw beef after 3 days storage at 34° F,

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours
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Figure 3. Paper electrophoresis pattern of glycine soluble protein of
raw beef after 10 days storage at 340 F.

B-1 Veronal buffer, pH 8.6, /2 = 0.05, 10 ma., 17 hours
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Figure 4. Paper electrophoresis pattern of glycine soluble protein of
raw beef after 18 days storage at 34° F.

B-1 Veronal buffer, pH 8.6, 172 = 0.05, 10 ma., 17 hours
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Figure 5. Paper electrophoresis pattern of glycine soluble protein

beef after 49 days storage at 34° f,

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours
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Figure 6. Paper electrophoresis pattern of glycine soluble protein of

raw beef after 1 day storage at 34° F,

(control for irradiated-pasteurized samples)

B-1 Veronal buffer, pH 8.6 T/2 = 0.05, 10 ma., 17 hours
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Figure 7. Paper electrophoresis pattern of glycine soluble protein of

irradiated-pasteurized beef after 9 days storage at 34° F,

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours
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Figure 8.

Paper electrophoresis pattern of glycine soluble protein of
irradiated-pasteurized beef after 12 days storage at 340 5

B-1 Veronal buffer, pH 8.6, T72 = 0.05, 10 ma., 17 hours
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Figure 9. Paper electrophoresis pattern of glycine soluble protein of
irradiated-pasteurized beef after 88 days storage at 34°

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours
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Figure 10.

L

Paper electrophoresis pattern of glycine soluble protein of
irradiated-sterilized beef immediately after irradiation.

B-1 Veronal buffer, pH 8.6, T7/2 = 0.05, 10 ma., 17 hours
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Figure 11, Paper electrophoresis pattern of glycine soluble protein of
irradiated-sterilized beef after 75 days storage at 34° f,

B-1 Veronal buffer, pH 8.6, T/2 = 0.05, 10 ma., 17 hours



TABEE 1

Tyrosine-Tryptophane Index of Contrdl, Irradiated-Pasteurized
~ and Irradiated-Sterilized Beef Samples Stored at 34° g,

Glycine Soluble Proteins - Glycine Soluble Amino Acids

Storage Optical Density Optical Density
Days . 279 mec . 279 mre
Control  Pasteurized & Sterilized %% Control Pasteurized ¥ Sterilized s
e 10.02 10.12 10.02 4,31 &,36 .31
{after o :
irradiation) 10.05 2.62 ' 4,02 3.5
3 9.76 $0.08 - 449 L.15 -
3 9.52 10.00 - 4,55 L.24 -
9 9.22 10.060 - - .80 L,26 -
¥2 8.40 9.80 - 5.32 4,25 -
15 8.32 9.77 9.25 5.90 L,29 3.29
18 8.21 %.52 - 6.25 &.25 _ -
25 8.19 9.23 - 6.32 L,20 -
45 8.05 8.8 - 6.57 4.90 -
52 8. 00 8.#2 - 6-. 63 5. 30 -
55 - 8.42 8.90 - 547 4,06
75 - 8.25 8.80 ’ - 6003 ‘%-28
88 - - 8.12 - - 6.25 -

* 1.0 megarad
#* 4,8 megarads

9%
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Figure 12, Tyrosine-tryptophane index of glycine soluble

protein of beef stored at 34° F.
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Figure 13. Tyrosine-tryptophane index of glycine soluble

amino acids of beef stored at 34° F.
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DISCUSSION

in the discussion of the electrophoretic patterns of the
contrél and irradiated beef semples, the experimental data will
be interpreted mostiy on the basis of the reproducible appearance
of new protide components. Gross changes in the four major
protein fractions will also be discussed. The electropheretic
patterns and the tyrosine~tryptophane index data of the control
samples are considered {n the dfécussion as being representative
of the natural processes oc¢curring during the regular aging and
storage of beef. The changes observed in the treated samples
may be due to several snd/or a combination of factors which will
be considered in the foliowing discussion.

In comparing the results of the non-irradiated beef with
those of the irradiated samples, large differences are noted §n
the electrophoretic behavior of the glycine soluble nitrogenous
materfal. The date also suggest that the extent of these dif«
ferences are related to the dosage level of irradiation employed.

The electrophoretic diagrams and the tyrosine-tryptophane
index data show that the control beef was subjected to proteolysis
shortly after the storage period was initiated. The proteolytic
activity appeared to reach its maximum rate during the interval

between the 2nd and 10th days of storage. As noted in diagrams,
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Figures 2 and 3, two new electrophoretic protide fractions, B
and Dy, appeared during this storage interval. A linear decrease
in the tyrosine and tryptophane content of the glycine soluble
proteins accompanfed by & moderate increase in these amino acids
of the glycine soluble amino acids was aiso observed during this
storage period. After the 10th day of storage, the proteotlytic
activity appeared to occur at a slower rate, &lthough there was
& linear increase in the tyrosine-tryptophane inde§ of the
glycine soluble émiﬁo acids between the.10th and 18th days of
storage, The increase in the index of the glycine solubie amino
acids during this time would indicate that the protide fractions
were being degraded at the highest rate attained any time during
the storage period. Although proteolysis continued to oceur
between the 18th and k9th days of storage, the rate was cone
siderably decreased.

The beef pasteurized by an frradiation dosage of 1.0
megarad sﬁowed much less proteolytic activity during the first
10 days of storage than did the control beef, In the pasteurized
samples, the first new electrophoretic protide component did not
appear until after 9 days of storage as compared to 3 days for
that of the control. The seccond protide component appeared in
the pasteurized samples after 12 days of storage as contrasted
to 10 days for that occurring in the control samples. Although

two new electrophoretic protide components (B} and Dy) emerged
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in both the control and pasteurized samples during the storage
time just mentioned, the sequence of appearance of these fractions
differed according to the treatment. In the pasteurized beef,
fraction By appeared 3 days before the emergence of D;. Con-
versely, 9; appeared 7 days prior to By in the control samples.

The data of the tyrosine~tryptopﬁane index indicate that the
proteolytic rate of the pasteurized samples was considerably
lower than that encounterced in the control samples. Furthermorey
the increase of tyrosine and tryptophane in the glycine soluble
amino acids end their corresponding de¢rease in the glycine
soluble proteins was maintained at a more gradual rate than was
noted for the control samples. Due to the similarities in the
electrophoretic pattern of the control beef aged for 18 days and
that of the pasteurized beef stored for 88 days, it appeers
reasonable to assume that the irradiation-pasteurization treat-
ment inhibited protein degradation to & considerable extent,

The electrophoretic data of the samples sterilized by an
irradiation dosage of L4.,8 megarads indicate that this treotment
drastically reduced proteolysis during the 75 day storage period.
Although the sterilized samples dfd not form &ny new electropho-
retic protide components during the storage period, some changes
in the relative areas of the 4 protide components indicates that
some modiffication occurred within the original components. The

sterilized samples, immediately after irradiation, had a lower
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tyrosine-tryptophene level in the glycine soluble proteins than
did either the control or pasteurized samples. However, the
control samples after 15 days of storage and the pasteurized
beef after 35 days storage, exhibited lower glycine soluble
protein tyrosine~tryptophane levels than did the sterilized
samples,

The low gly¢ine soluble amino acid index recorded immedi-
~ ately after sterilization indicates that on {irradiation level
of 4.8 megarads caused a drastic alteration in the enzymatic
proteclytic activity and/or in the protein components. After
75 days of storage, the sterilized samples reached aftyrosineo
tryptophane index value in the glycine soluble amino acids
equal to that found in the fresh beef prior to frradiation and
storage.

The observation that irradiation caused an tnitial decrcase
in the glycine soluble proteins of the sterilized samples can be
explained by & number of factors or conditions reported in the
literature pertaining to the effects of irradiation. Zender et al.
(69; p+390) reported that irradiation causes an insolubilization
of the glycine soluble proteins by & denaturation cffect. Such
effects as polymerization of protein fragments (b1, p. 424)
and partial fnactivation of proteolytic enzymes (48, p. 99-109)
could also be involved in causing the above noted decrease. |

Although Zender et al. (69, p. 390) stated thet the glycine
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soluble amino acids were not affected by trradiation, data
plotted in Figure 13 show that frradiation undoubtedly caused
a significent decrease in the initial levels of these amino a¢ids.
This finding can be supported by indirect evidence recorded in
the literature which states that irradiation causes deamination of
amino acfds (30, p. 7~10) and inactivates enzymes by destroying
some of the side chain groups of the prosthetic portion of the
enzymes which are essential for their activity (1, ps 1367),
Horeover, free radicals formed during frradiation may modify the
substrate conditions to fnhibit protecolysis. Chemically, the
free radicals are extremely active and they méy combine with
molecules, atoms or other nearby free radicals to form new
compounds or re-form the original compound (19, p. 156-158),
In addition, irradiation has been reported to cause an increase
in the pH of meat (7, p. 6b-67) which may also delay proteolysis
because the proteolytic enzymes require acid conditions for
optimal activity (23, p. 700-702), Furthermore, it is evident
that the greater the dosage of irradiation, the greater the de-
crease §n the tyrosine-tryptophanc index of the glycine soluble
amino acids.,

In Figure 13, the curve for the tyrosine<tryptophane §ndex
of the glycine soluble amino acids of the pastcurized samples

remains fairly constant during the first 33 days of storage after
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which the index shows a fairly rapid rise in the tyrosine~-
tryptophane levels. The time that the index remained stable may
represent a lag phase of microbial growth for those organisms
not destroyed by pasteurizafion. After 30 or more storage days,
conditions may have become favorable for increased bacterial
growth and actiyity which in turn might account for some of the
increase in the tyrosine~tryptophane index in the latter part of

this storage period.
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SUMMARY AND CONCLUSIONS

The effect of the catheptic enzymes in the proteolysis of
beef was studied. 1In order to minimize or eliminate the micro-
biolegical effects, beef samples were irradiated at a pasteuri-
zation level of 1.0 megarads or at & sterilization dosage of 4.8
megarads, respectively. The samples were stored at 34° F. for
varying tengths of time, 52 to 88 days, depending on the treatment.
The samples were analyzed at systematic intervels to determine
the nature of protein degradation occurring during the storage
perfod. Changes in the protein components were determined by
paper electrophoresis technique while differences in the protide
concentrations werc measured by an index based on the solubflity

of tyrosine-tryptophane in glycine and trichloroacetic acid.
Conclusions

1. The initial electrophorctic patterns of the control, frradiated-
pasteurized and irradiated sterilized beef sampies were very

similar, each showing the same four distinct protein components
(fractions A, B, C and D).

2. The control beef showed a new electrophoretic protide

fraction (Dy) after 3 days of storage and another new component

(By) after 10 days. After 9 days of storage, fraction By was

the first new electrophoretic component to appear in the pasteuri-

zed samples followed by the emergence of Dy after 12 days of
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storage. The sterilized samples did not show any new electro-
phoretic fractions during 75 days of storage.

3. The electrophoretic pattern of the irradiated pasteurizeca
beef after 88 days of storage resembled that of the control
stored for 18 days.

4, The irradiation-sterilization process caused a large decrease
in the initial tyrosine-tryptophane index of the glycine soluble
amino acids while only a slight reduction was noted in the
pasteurized samples, Sterilization also caused an apparent
decrease in the initial levels of the glycine soluble proteins.
5. The control beef showed the greatest amount of changes in the
tyrosine~tryptophane index of the glycine soluble proteins and
amino acids, while moderate changes were noted in the pasteurized
samples. The sterilized beef showed the least change.

6. The level of the glycine soluble amino acids remained fairly
constant for 33 days in the pasteurized samples then increased

at a moderate rate during the remainder of the storage period.
The tyrosine-tryptophane index of the pasteurized samples was
6.25 after 88 days of storage, equaling the value obtained by

the control samples after 18 days of storage. The sterilized
samples reached a final value of 4,28 which was similér to that
obtained prior to sterilization.

/+« The rate of proteolysis was inversely proportional to



irradiation dosage. The sterilized samples showed the lowest

degree of proteolytic activity.
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